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By Jacob H. Lichtenstein
SUMMARY

An investigation has been made in the Langley stability tunnel with
a4 2.5-scale spinning model of a typical mortar shell. These tests were
vade to measure the aerodynamic forces and moments acting on a typical
spinning mortar shell.

It was found that the Magnus moments varied nonlinearly with angle
of attack and that their magnitude became important above angles of
attack of about 10°. The model exhibited directional instability up to
moderate angles of attack; thus, the possibility of large angular deflec-
tions belng altained after a disturbance are indicated. This combined
with the nonlinear Magnus moments could result in a large-amplitude pre-
cesslonal motion,

Enclosing the tail fins in a shroud increased the directional sta-
bility of the model. Pointing the nose of the model tended to increase,
and flattening the nose tended to decrease, the Magnus effects.

INTRODUCTION

The problem of the short-round behavior (wherein an occasional round
falls far short of its intended range) in the firing of mortar shells has
been of considerable concern for some time, and therefore both analytical
and experimental investigallions have been undertaken to explore this
problem. (See, for example, refs. 1 to 6.) These investigations in
general have shown that an instability of spin when coupled with other
influences such as destubilizing Magnus effects can, if there is a suffi-
clently large disturbance in yaw, result in a large-amplitude precessional
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motion which in turn causes the short-round performance. The dynamic-
stability investigation of reference % showed the existence of this insta-
bility for the mortar shell investigated herein.

The purpose of this investigation was to determine the magnitude of
the aerodynamic forces and moments, particularly the Magnus moment, acting
on a typiecal mortar shell with and without spin. The tests were made on
the sting-support system of the langley stability tunnel. The model was
a 2.5-scale model of a typical mortar shell which was spun at speeds from
0 to 600 rpm for angles of attack from -4° to +27°. During the course of
testing, some modifications were made to the nose and tail of the model
to find the influence of sharp and flat nose shapes and of shrouding the
tail fins or reducing the number of fins on the tail.

SYMBOLS

The data presented herein are in the form of standard coefficients
and symbols about a body axis system which is shown in figure 1. The
moment center was the center of gravity of the model. The symbols used
are defined as follows:

¥
Cy normal-force coefficient, a%
F
Cy side-force coefficient, —%
q
: o Mg
Cp yawing-moment coefficient, AT
) . L My
Cn pitching-moment coefficient, 7
q
. L. .. My
Cy rolling-moment coefficient, —=—
qhl
¥y normal force, lb
Fy side force, lb
My rolling moment about X-axis, ft-1b
My pitching moment about Y-axis, ft-lb
M7 yawing moment about Z-axis, ft-1b
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X,Y,Z

X2 2y

('I
!
b

Czp

Cy.
Yy

I

dynamic pressure, %pvz, 1b/sq ft
mass density of air, slugs/cu ft

velocity, ft/sec

cross-sectional area, E dg, sq ft

length, ft

diameter, ft

nondimensional rolling parameter of X body axis about
X wind axis (rate of preceszion)

rolling velocity of X Dbody axis about X wind axis, radians
per sec

body axes
X and 2 wind axes

angle of attack, same as angle of yaw for symmetrical missile,
deg
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APPARATUS, MODELS, AND TESTS

The model used in the present investigation was a 2.3-scale model
of a typical 8l-mm mortar shell. A sketch of the model with pertinent
dimensions is shown in figure 2 along with a sketch of an antisubmarine-
rocket model. In addition to the original nose, three modified nose con-
figurations were used (see figs. 3 and 4): a pointed-nose missile obtained
by installing a pointed nose on the end of the original nose, a blunt-nose
missile obtained by installing a flat plate on the model after removal of
7.5 inches of the original missile nose, and a missile with a nose-ring
spoiler was simulated with a T-inch-diameter ring made of l/8-inch-diameter
tubing and located 8.89 inches rearward of the flat of the original nose.
Three different tail-fin arrangements were tested: the original 12-fin
tail, a similar 6-fin tail, and a 12-fin tail with a shroud (fig. 5).

The basic model was constructed of a spun-magnesium skin 1/16 inch
thick with aluminum bulkheads at the front and rear of the motor drive
mechanism. For strength, turned aluminum parts were used at the nose,
at the station where the conical nose separates from the front of the
model, at the grooved section where the rear conical section begins, and
at the juncture of the rear conical section and the tail boom. The tails
were made of balsa in order to keep the model as light as possible. The
entire model was dynamically balanced to maintain the out-of-balance
dynamic forces as small as possible.

" The model was mounted on the sting-support system in the Langley
stability tunnel as shown in figure 6. The sting proper was supported
by two lead screws in the pylon. Changes in the angle of attack were
achieved by operating the two screws differentially so that the center
of gravity of the model had no appreciable vertical movement. An exploded
view of the mounting mechanism and model is shown in figure 7. The sting,
strain gage, and motor drive mechanism are shown in the relative axial
positions they would actually have when assembled. The trailing wires
were brought out through a hole in the sting. The drive motor was an air-
cooled variable~frequency motor, and among the bundle of wires was a tube
which supplied cooling air for the motor. OSpin was transmitted to the
model by the drive plate which was attached to a bulkhead in the forward
section of the model. The rotational velocity of the model was controlled
by varying the frequency of the voltage to the drive motor. A Stroboconn
scanning unit in conjunction with the generator mounted on the drive mech-
anism was used to determine the spin rate.

The strain gage was a five-component gage measuring normal force,
side force, pitching moment, yawing moment, and rolling moment. The out-
put from the strain gage was fed to printing heads of the mechanical-
balance system in the Langley stability tunnel.
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The tests were made at a dynamic pressure of 2k.9 pounds per square
foot which corresponds to a Mach number of 0.13 and a Reynolds number of

Lox 106 based upon the model length. The angle of attack was varied from
-4° to0 +27° in 4O increments except the last. Tests were made at spin
rates of 0, 200, 400, and 600 rpm for the basic configuration and only O
and 600 rpm for the others. For the basic configuration the rolling-flow
technique of the stability tunnel was utilized to measure the aerodynamic
loads due to a precessional type of motion for the various spin rates. A
list of the tests is given in table I.

CORRECTIONS

Because of the small 1ift developed by the missile and the small
area relative to the tunnel, no corrections for jet boundary or blockage
were applied. Neither were corrections applied for the effects of tur-
bulence or sting-support interference.

RESULTS AND DISCUSSION

Presentation of Data

The data for the original configuration are presented in figures 8
and 9 for straight flow and rolling flow, respectively. Data are shown
for the original configuration with the 6-fin tail in figure 10 and the
12-fin tall with the shroud in figure 11. The data for the different
nose configurations are presented in the following figures: figure 12
for the pointed nose and original tail, figure 13 for the pointed nose
and 6-fin tail, figure 14 for the flat nose and original tail, and fig-
ure 15 for the original nose with a ring spoiler and original tail. A
comparison of the Magnus effects of the original configuration with those
configurations which had the largest and smallest Magnus effects is pre-
sented in figure 16. A comparison of the present data for the mortar
shell and the data from reference 7 for an antisubmarine rocket is made

in figure 17.
DISCUSSION

Basic Configuration
The straight-flow data for the basic configuration (fig. 8) show

that the yawing-moment coefficient Cp, which is representative of the
Magnus moment for the spinning model, varies nonlinearly with angle of
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attack for all of the spin rates tested. For angles of attack up to
about 10° the moment is small and the effect of spin 1s practically non-
existent. Above a = lOO, however, spin introduces a positive yawing
moment whose magnitude increases with the spin rate. Limitations of the
equipment restricted tests to a maximum angle of attack of 27° and spin
rates to 600 rpm. Inasmuch as the Magnus moment was still increasing
with spin rate and angle of attack, the limitations of the equipment
therefore prevented attainment of maximum values for the Magnus moments.

The side-force coefficient Cy due to spinning, which represents
the Magnus forces, exhibits characteristics similar to those for the
yawing moment but in a negative direction. The fact that the side force
and yawing moment are of opposite signs indicates that the center of
pressure for the Magnus forces is behind the center of gravity. For most
cases 1t appears to be about 0.2 length of the body rearward of the cen-
ter of gravity.

The magnitude of the rolling-moment coefficient Cj; increased in a
negative direction as the angle of attack increased for all the spin
rates. This increase in magnitude of the rolling moment indicates the
presence of some asymmetry of the model or airstream. The rate of spin
apparently has only a minor effect on Cj.

The pitching-moment coefficient Cp data (which, in this case,
describe the static stability in both pitech and yaw) show an unstable
variation with angle of attack up to about 16°. Above 16° the pitching-
moment curve becomes stable with a stable trim point occurring between
209 and 24°. This instability permits attainment of large angles of
attack (or yaw) where the Magnus effects are large and can help maintain
a large-amplitude precessional motion. This behavior would result in a
high drag and consequential loss in range. The static stability of the
model generally showed a slight improvement as the spin rate increased.

The normal-force coefficient Cy increased regularly with angle of
attack and there were only minor elfects of rate of spin.

The rolling-flow tests (fig. 9) simulate a precessional motion in
which the amplitude of the motion 1s given by the angle of attack of the
model. Inasmuch as the Clp term is practically zero for the angles of

attack tested, the damping of the precessional motion is given by
Cnp sin a. The data indicate that the damping increases at the higher

angles of attack where it is necessary, and also that the damping generally
increases with spin rate. The pitching-moment coefficient and normal-force
cocfficient due to precession were practically zero throughout the angle of
attack for the no-spin condition, and increased in magnitude as the spin
rate increased. 'The pitching moment increased in a manner to aid the
static stability of the model.
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The tests were limited to an angle of yaw below that for which
instability was obtained in the tests of reference 5; nevertheless, some
interesting observations can be made. The lack of static stability in
yaw for the mortar shell shown by the present test indicates that rela-
tively minor disturbances can induce fairly large angles of yaw. At a
large angle of yaw, where the data of reference 5 indicated that insta-
bility of spin can develop, a spinning motion will introduce large yawing
moments. This combination could result in a large-amplitude precessional
motion with an attendant decrease in range. It appears, therefore, that
some manner of insuring that only small angles of yaw would be encountered
in flight, such as increasing the tail area or of eliminating the large
Magnus moments of the spinning shell, would be necessary to maintain the
desired stability.

Effect of Changes in Tail Configuration

The effect of some changes in the tail configuration can be seen by
comparison of the data in figure 8 for the basic model with those of fig-
ure 10 for the 6-fin tail and figure 11 for the 12-fin tail with shroud.
Although the data in reference 9 indicated that the 6-fin-tail configura-
tion was somewhat less stable than the basic configuration, the data in
fiogure 10 show only minor effects of this change in tail configuration
for the angle-of-attack range investigated. The change to the tail with
a shroud generally produced little effect on all but the pitching moment
(fig. 11). 1In this case, the variation was stable over the entire angle~
of-attack range. This should reduce the tendency of the missile to wallow
up to moderate deflections after a minor disturbance. )

Effect of Changes in the Nose Configuration

The changes made at the nose of the model generally produced larger
effects on the Magnus moment than the changes made at the tail. Pointing
the nose tended to increase the Magnus moment as can be seen by comparison
of data in figure 12 with that presented previously in figure 8. Flat-
tening the nose however, tended to decrease the Magnus moments. (Compare
data in fig. 14 with fig. 8.) This effect is shown in figure 16 to some
extent where the basic configuration is compared with a flat-nose configu-
raticn and a pointed-nose and 6-fin-tail configuration. These data are in
agreement with the dynamic-test data of reference 5 wherein it was found
that the pointed-nose 6-fin-tail configuration was the most unstable and
the flat-nose model somewhat more stable than the original configuration.
However, these changes did not have the desirable effect of eliminating
the Magnus moment.

The effect of adding a nose ring to the original configuration was
negligivle.  (Compare fig. 19 with fig. 8.)
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Comparison of Mortar Shell and Antisubmarine Rocket

The data presented in figure 17 are a comparison of the present
results for the mortar shell and the results of an antisubmarine rocket
(from ref. 7) at a spin rate of 600 rpm. This antisubmarine rocket
experienced a type of instability similar to that of the mortar shell in
that, for the spinning rocket, a deflection to a large angle of attack
was followed by a large-amplitude precessional motion which seriously
decreased the range.

The data in figure 17 show that both configurations have similar
Magnus effects in that the variation with angle of attack is decidedly
nonlinear and increases rapidly at angles above some moderate value. The
static stability in yaw Cp is considerably better for the antisubmarine
rocket than the mortar shell even with the shrouded tail, probably because
the smoother shape of the antisubmarine rocket allows more effective air
flow at the fins.

CONCLUSIONS

The results of a wind-tunnel investigation of a typical mortar shell
mounted on a sting support and free to spin indicate the following
conclusions:

1. For the basic configuration, the Magnus moments varied nonlinearly
with angle of attack. These moments were relatively unimportant below an
anpgle of attack of 10° but above this angle they increased rapidly.

2. The directional instability exhibited by the model up to angles
of attack of 16° indicated the possibility of attaining large angles of
yaw. At these large angles the Magnus moment is big and this combina-
tion could lead to the development of a large-amplitude precessional
motion with an attendant decrease in range.

3. Enclosing the tail fins in a shroud increased the directional

stability so that the configuration was stable over the entire angle-of-
attack range lested,
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L. Changes at the nose of the model seemed to have greater effects
on the Magnus moment than changes at the tail. Pointing the nose tended
to increase, and flattening the nose tended to decrease, the Magnus

effects.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 6, 1956.

(9 Jacob H. Lichtenstein
Aeronautical Research Engineer

Approved: %44 17

Thomas arris
Chfef of Stability Research Division
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TABLE I

TESTS AND DATA FIGURES

Configuration )
Type of data | Data in
Number Nose Tail figure -
1 Original Original Straight flow 8
1 Original Original Rolling flow 9
2 Original 6-fin Straight flow 10
3 Original 12-fin Straight flow 11
with shroud
b Pointed Original Straight flow 12
5 Pointed 6-fin Straight flow 15
O Flat Original Straight flow 1h
7 Original and Original Straight flow 19
ring spoiler
Comparison of configurations 1, 9, Straight flow 16
and 6
Comparison of configuration 1 and Straight flow 17
antisubmarine rocket
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Figure 1.- System of axes used. Arrows indicate positive direction of
forces, moments, angles, and angular velocities.
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Figure 6.- Photograph showing the sting-support system in the Langley

stablility tunnel.

CONF1DENTIAL



18

CONF IDENTIAL

NACA RM SI56L31

"Topow JO puk ‘WSTUBYOAW SATIP ‘2983 urwils ‘Hulqs JO MaTA rapoidxs Futmoys ydeaBozoyg -+ aandtd

621¢6-1

DuI S
SODE uinys h

hY

WSIIDYINU

on tb./ , \nﬂmﬂ@? - .

SPDS] 4D pUD 43MOC ‘9606 uipyys

/QQ\\,Q%% [IPOU ID3E4

voI49298 [epous juosy LOSYNTG LUl UAUn]D
) L] [ ]

e @ [ N )

e 60 [ ]

e 8 o [ ]

¢ © o &

e. o eous

CONFIDENTIAL



NACA RM SL56L31 CONFIDENT iaL 19

g

Spin rafe
o FRPM

'Y 200 RPM
400 RPM
N 600 RPM

<

Cn O ookttt ﬁr}“\‘?@%N%E

Lonnt AN RREREE NN RRRN SRR SNER:iS oY
N T SN O O 00 I LTS
_ SRR N ?.ﬂ% R ERE A RRERE s A

40 4 8 12 16 20 24 28
Angle of attack, OC, deg

Figure 8.- Variation of the measured forces and moments against angle
of attack in straight flow for various spin rates for the original
configuration (original nose, original tail).
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Figure 8.- Concluded.
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Figure 9.- Variation of the measured forces and moments against angle
of attack in rolling flow for various spin rates for the original
configuration (original nose, original tail).
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Figure 13.- Variation of the measured forces and moments against angle
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Figure 1%.- Variation of the measured forces and moments aga. ist angle
of attack in straight flow for two spin rates for the configuration
with the original nose with ring spoiler and the original tail.
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Figure lt.- Comparison of the Magnus force and moment for the original
configuration with those having the largest and smallest Magnus

effects.
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Figure 17.- Comparison of the mortar-shell data with the antisubmarine-
rocket data from reference | and 600 rpm and for straight flow.
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A LOW-SPEED INVESTIGATION OF THE MAGNUS EFFECTS ON A
STING-MOUNTED MODEL OF A TYPICAL MORTAR SHELL

By Jacob H. Lichtenstein
ABSTRACT

An investigation has been made in the Langley stability tunnel with
a 2.5-scale spinning model of a typical mortar shell. These tests were
made to measure the aerodynamic forces and moments on a typical spinning
mortar shell and were made in both straight and rolling flow for angles
of attack up to 27°. It was found that variation of Magnus moment was
nonlinear with angle of attack and that the directional stability was
poor. This combination is potentially one that could give rise to a
large-amplitude precessional motion.
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